INTRODUCTION {#sec1-1}
============

Prostate cancer (PCa) is the most commonly diagnosed cancer and second leading cause of death in men.[@ref1] While, many men present with localized and potentially curable disease, a large number of deaths from PCa is due to the development of metastatic disease. Therefore, more accurate prognosis and predictive markers should be applied for PCa to guide therapy and monitor disease progress in individual patients. It has been shown that pain, Gleason score, Eastern Cooperative Oncology Group Performance Status, presence of visceral metastases, hemoglobin, albumin and alkaline phosphatase are prognostic factors for overall survival (OS),[@ref2][@ref3][@ref4][@ref5] and several other prognostic algorithms have also been proposed.[@ref3][@ref4][@ref6][@ref7]

Recently, the presence of a systemic inflammatory response, which is measured by an acute-phase reactant has been identified to be associated with a poor prognosis in various types of cancers such as lung cancer, gastric cancer, colorectal cancer, renal cell carcinoma and others.[@ref8][@ref9] C-reactive protein (CRP) is a typical acute-phase protein that is mainly produced by the hepatocytes,[@ref10] and it can precipitate C-polysaccharide of *Streptococcus pneumonia*.[@ref11] The association of CRP with survival was stronger than all other predictors, such as serum prostate-specific antigen, Eastern Cooperative Oncology Group Performance Status and age.

While some of the previous studies have reported that in PCa patients a higher CRP level was significantly associated with worse outcome in PCa,[@ref12][@ref13] some other studies did not show any significant link between CRP and survival in PCa patients.[@ref14] Therefore, it is essential to carry out a systematic meta-analysis to summarize the global results and address the inconsistencies in the literature. Here, we seek to conduct a systematic review and meta-analysis to evaluate the overall risk of elevated CRP and survival in PCa.

MATERIALS AND METHODS {#sec1-2}
=====================

This meta-analysis was carried out as per the guidelines of the MOOSE (Meta-analysis of Observational Studies in Epidemiology Group).[@ref15]

 {#sec2-1}

### Search strategy {#sec3-1}

A systematic literature search was performed in MEDLINE and EMBASE up to August 2013 to identify the relevant studies. An initial search strategy using recognized search terms (CRP or C-reactive protein, prognosis and prostate cancer or PCa) was conducted. Studies were considered eligible if they met the following criteria: (i) they measured pretreatment CRP values, (ii) they evaluated the potential association between pretreatment CRP and the survival outcome of PCa and (iii) prospective or retrospective study design. Articles were excluded based on the following criteria: (i) letters or review articles, (ii) laboratory studies and (iii) missing key information such as hazard ratio (HR) and 95% confidence interval (CI).

All searches were conducted independently by two reviewers. The identified studies were double-checked by both. Disagreements were resolved by consensus between the two readers or consultation with a third reviewer. Additionally, a manual search was performed using references from the relevant literature, including all of the identified studies, reviews and editorials. When duplicate studies were found, the study with reported HR or that involved more patients (usually the most recent), was used for the meta-analysis. This step was carried out to prevent overlapping between cohorts and overestimation of the overall HR.

### Quality assessment {#sec3-2}

We systematically assessed the quality of all the studies included as per the crucial review checklist of the Dutch Cochrane Centre proposed by MOOSE.[@ref15] The key points of the current checklist include: (i) clear definition of study population and origin of country; (ii) clear definition of study design; (iii) clear definition of outcome assessment, OS, cancer-specific survival (CSS) and progression-free survival (PFS); (iv) clear definition of cutoff for CRP or clear definition of log of CRP and (v) sufficient period of follow-up. Those studies which do not mention all these 5 points were excluded to avoid compromising the quality of the meta-analysis. A flow diagram of the study selection process is shown in [**Figure 1**](#F1){ref-type="fig"}.

![Flow diagram of the study selection process. HR: hazard ratio.](AJA-16-467-g001){#F1}

### Data extraction and conversion {#sec3-3}

The following data were collected: (i) publication details, including first author\'s last name, year of publication, study population and country in which the study was conducted; (ii) study design; (iii) characteristics of the studied population, including sample size, age and stage of disease and (iv) HR of elevated CRP for OS, CSS and PFS and their 95% CIs. The simplest method consisted of the direct collection of HR and their 95% CIs from the original literature, with an HR of \> 1 being associated with a poorer outcome. When these data were not directly reported, we extracted the total number of observed deaths and the number of patients in each group to calculate HR.[@ref16] Data were extracted from the graphical survival plots when data were available only as Kaplan-Meier curves, and then estimation of the HR was performed by the described method.[@ref16]

### Statistical analysis {#sec3-4}

The heterogeneity of the combined HRs was performed using Cochran\'s Q test and Higgins I-squared statistics. *P* \< 0.05 was considered significant. We used the random effects model (Der Simonian and Laird method) if heterogeneity was observed (*P* \< 0.05). The random effects model was also applied in the absence of between-study heterogeneity (*P* ≥ 0.05). Sensitivity analyses were performed to explore the reasons for heterogeneity among these studies. Publication bias was evaluated by the funnel plot with the Egger\'s bias indicator test.[@ref17] Statistical analyses were carried out using the statistical software Stata version 12.0 (Stata CorpLP, College Station, TX, USA).

RESULTS {#sec1-3}
=======

 {#sec2-2}

### Data retrieval {#sec3-5}

Eighty-three records for CRP were identified after a primary search of PubMed and EMBASE. After reading the titles and abstractions, 73 studies were excluded for being review articles, letters, laboratory studies, studies with important data missing and studies irrelevant to the current analysis. For example, some studies analyzed the predictive value of other inflammatory factors such as interleukin-6, but not CRP. Some studies analyzed the CRP levels at one time point without follow-up to observe the outcome. One study was excluded because HR was missing.[@ref14] The final meta-analysis for CRP was performed for the remaining nine studies ([**Figure 1**](#F1){ref-type="fig"}).[@ref12][@ref13][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24] Notably, there were three publications that involved two studies.[@ref21][@ref23][@ref24]

### Study characteristics {#sec3-6}

The characteristics of selected studies are summarized in [**Table 1**](#T1){ref-type="table"}. We collected the data from nine studies, which involved a total of 1497 patients from the United Kingdom, Japan, Canada and the United States. In these nine studies, CRP values were analyzed by different means in each study. Five studies dealt with CRP as a dichotomous variable, with different cutoff values. One study dealt with CRP as a trichotomous variable and compared the outcome of the highest tertile with the lowest tertile. In the remaining three studies, CRP was considered as a continuous variable and HR was calculated as a unit change on a log scale. All the nine selected studies presented HRs. The median follow-up period in all the studies ranged from 9.4 to 142.8 months.

###### 

Summery table of the meta-analysis

![](AJA-16-467-g002)

### Overall survival {#sec3-7}

In the studies evaluating the OS, there was no evidence for significant heterogeneity between studies for categorized CRP (*P* = 0.317). The random model was applied to calculate the pooled HR and its 95% CI. The increased serum CRP level was significantly correlated to OS with a pooled HR estimate of 1.51 (95% CI, 1.28--1.79) ([**Figure 2**](#F2){ref-type="fig"}). For log CRP, there was some evidence for heterogeneity (I^2^ = 73.5, *P* = 0.052), and the pooled HR and 95% CI were not significant at 1.21 (0.98--1.49) ([**Figure 2**](#F2){ref-type="fig"}).

![Forest plots of studies evaluating hazard ratios (HR) with 95% confidence interval (95% CI) for high C-reactive protein (CRP) levels as compared with low levels. Survival data are reported as overall survival (OS), cancer-specific survival (CSS) and progression-free survival (PFS).](AJA-16-467-g003){#F2}

### Cancer-specific survival and progression-free survival {#sec3-8}

For CSS and PFS, a random effects model was applied. The *P* values of between-study heterogeneity were 0.389 and 0.502 for CSS and PFS analyses, respectively. As illustrated in [**Figure 2**](#F2){ref-type="fig"}, the combined HR of 1.91 (95% CI, 1.36--2.69) showed that the high CRP level had significant relationship with CSS in PCa patients. As for the ability to evaluate PFS, the pooled HR was 1.50 (95% CI, 1.25--1.81) for each unit increase in CRP.

From the above data, CRP proved to be a prognostic biomarker for OS, CSS and PFS in PCa. However, as an inflammatory marker, CRP was not significantly associated with OS, CSS and PFS when a risk cutoff of 2.0 was used.[@ref27]

### Publication bias {#sec3-9}

Finally, we applied funnel plots and Egger\'s test to evaluate publication bias of the studies included in this meta-analysis. As shown in [**Figure 3**](#F3){ref-type="fig"}, two of the funnel plots were symmetrical. There was no evidence for significant publication bias for OS (categorized) and PFS, since the *P* value for Egger\'s regression intercepts were \> 0.05 (*P* = 0.379 and *P* = 0.568). However, in the analyses of CSS, significant publication bias existed, with a *P* value of 0.020.

![Funnel plots of studies included in the three meta-analyses: (**a**) overall survival (OS), (**b**) cancer-specific survival (CSS) and (**c**) progression-free survival (PFS). HR: hazard ratio; S.E.: standard error.](AJA-16-467-g004){#F3}

DISCUSSION {#sec1-4}
==========

In recent decades, a variety of predictors have been identified and applied for predicting PCa outcomes. We currently use prostate-specific antigen, prostate-specific membrane antigen and prostate stem cell antigen in routine pathological assessment of PCa. Many clinical studies have indicated that epithelial growth factor receptor, pAKT, nuclear factor-kappa B, macrophage inhibitory cytokine-1, matrix metalloproteinase-1 and matrix metalloproteinase-9 are associated with survival in PCa patients.[@ref26][@ref27] In addition, microRNAs have become novel members of the predictive family with the development of molecular biology. For example, miQ, a novel microRNA has been shown to be closely associated with survival in PCa patients,[@ref28] so as to microRNA 224.[@ref29] However, the above-mentioned biomarkers should be examined in cancerous tissues. Thus, it is difficult to monitor their levels continuously in the process of disease progression. In contrast, the inflammation indicators can be easily assayed in plasma or serum, which is widely applied in a clinic set-up. In order to improve their prognostic accuracy, it is suggested that biomarkers should be carefully selected and integrated to develop a prognostic system. Recently, the Glasgow Prognostic Score has been developed to evaluate the value of an inflammation-based score in patients with metastatic PCa. The Glasgow Prognostic Score, evaluating elevated CRP (\>10 mg l^−1^) and hypoalbuminemia (\<35 g l^−1^), appears to be a useful indicator of worse outcome, independent of treatment in patients with metastatic PCa.[@ref30]

There are a number of possible mechanisms by which CRP is associated with worse outcome in patients with cancer. Firstly, chronic inflammation can promote carcinogenesis, which can contribute to the onset or progression of cancer and circulating concentrations of vascular endothelial growth factor are directly associated with CRP.[@ref31] Secondly, immune response can be invoked by rapid tumor growth, and thus many inflammatory factors are released. Inflammation can cause tumorigenesis by supplying the tumor microenvironment with bioactive molecules, including growth factors that induce proliferation, survival factors that reduce cell death, proangiogenic factors, extracellular matrix-modifying enzymes that stimulate angiogenesis, invasion and metastasis, inductive signals that facilitate epithelial-to-mesenchymal transition and other effects.[@ref32] Previous studies have reported that other inflammatory markers such as serum interleukin (IL-6), soluble tumor necrosis factor receptor II and Epac1 as other PCa prognostic factors.[@ref33][@ref34] An elevated CRP identifies those patients with an impaired T-lymphocytic response, since poor infiltration of tumor appears to be associated with poor outcome[@ref35][@ref36] and an elevated CRP concentration has recently been shown to be inversely associated with T-lymphocyte subset infiltration.[@ref37] Our meta-analysis has proven the prognostic value of CRP, which is a most commonly used and a representative inflammatory marker in PCa.

Our study showed that an elevated CRP level could predict poor survival in patients with PCa. Our data showed that CRP level was associated with OS, CSS and PFS. The pooled risks of CRP for OS, CSS and PFS, although, were statistically significant (*P* \< 0.05), were not strong when an HR of more than two was considered as the cutoff for a strong predictor.[@ref25]

However, the above conclusion should be tempered for several reasons. First, in the OS group, there was some heterogeneity of subjects for log CRP. Heterogeneity might be contributed by the baseline characteristics of the patients, such as age, differentiation or disease stage, adjuvant treatment they might have received, the duration of follow-up and adjustments for other cofactors. It is possible that the results of this meta-analysis could have been influenced by the heterogeneity. The treatment methods of the nine studies included in our study are different, and thus it can affect the positive associations between CRP and PCa prognosis. For example, in one study, those patients were treated with docetaxel and corticosteroid,[@ref18] three studies used docetaxel-based chemotherapy,[@ref12][@ref13][@ref23] three studies did not state the exact treatment method,[@ref20][@ref22][@ref23] one study used androgen-deprived therapy[@ref19] and in one study, the patients were divided into two groups in which one group of patients received radiation therapy after undergoing radical prostatectomy, while the other group patients were managed with definitive radiation therapy alone.[@ref24] Taking into account that such differences might have a confounding effect with this study, we chose to apply a random model to minimize the effect. Since there were only two such studies, we did not assess the source of heterogeneity by sensitivity analyses. The CRP is usually regarded as a prognostic marker in several diseases which are related to survival, such as cardiovascular diseases. Thus, we cannot consider CRP as a 'predictor' for survival unless the involved patients do not have other severe diseases related to CRP. Because the presence or absence of concomitant severe diseases was not mentioned in the selected studies, we should be careful while considering CRP as a predictor of survival in cancer patients.

Meanwhile, there are other limitations in this study. The technique of detecting CRP may lack comparability among the studies. One study in the meta-analysis used immunohistochemistry staining to study expressions of CRP. Although immunohistochemistry staining is simple and cost-effective to perform, results are highly dependent on a variety of methodological factors. Finally, only eligible studies were included in the meta-analysis, which could explain the obvious publication bias for CSS. Thus, we need further studies with larger sample sizes to confirm the positive associations.

Our meta-analysis also had some advantages. First, the quality of studies included in the meta-analysis was satisfactory and strictly met the inclusion criteria. Second, all the extrapolated HRs were directly obtained from published statistics, and this method is more reliable than the calculated values from the data included in the article or extrapolated from the survival curves. Third, there were no significant heterogeneity for OS (categorized CRP), CSS and PFS. Fourth, we adopted Begg\'s funnel plot and Egger\'s test to assess the publication bias and the results failed to show any obvious evidence of publication bias either for OS or PFS.

CONCLUSIONS {#sec1-5}
===========

In conclusion, our meta-analysis, including a quantified synthesis of all published studies, indicated that elevated CRP expression is significantly associated with worse PCa survival, and CRP is a strong predictor for all three survival outcomes, especially for CSS. The critical role of CRP in cancer prognosis may contribute to its clinical utility. Considering the limitations of the present meta-analysis, further research with standardized unbiased methods and larger, worldwide sample sizes are expected to confirm our results.
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